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ABSTRACT 
 
To examine the relationship of environmental conditions and their effect on Whooping crane 
(Grus americana) nest site selection; wetland soils, plant community structure and surface water 
quality were analyzed throughout nineteen established nest sites and twenty non-nesting wetland 
sites. Due to past fire management throughout the refuge, the effects of fire history were also 
investigated by comparing burned (n=17) and un-burned (n=22) areas. 
A multi-dimensional scaling analysis did not detect significant differences in plant community 
structure between nest and non-nesting sites, but did find a significant difference with respect to 
time since last burn. Soil parameters were not significant during the course of the study. Soluble 
reactive phosphorus, and pH of surface water were statistically significantly different between 
nest and non-nest sites, but only during one year of the study.   
Whooping crane nest site selection was apparently not determined by the plant community, 
surface water quality, or soil composition.  
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INTRODUCTION 
The Whooping Crane, Grus americana, is a critically endangered bird species. Currently, 
one wild population migrates between Wood Buffalo National Park (WBNP), in northeastern 
Alberta, Canada, and Aransas National Park, in Texas (USDOI 2001). WBNP is the largest 
national park in Canada. It is the natural nesting ground of the Whooping cranes and until about 
1985 was the only place where they could be found (Timoney 1998). By 2006, this wild 
population had dropped to such low numbers that a second population, the Eastern Migratory 
Population (EMP), was formed from a captive breeding stock (Cannon 1999). The EMP flies 
between Necedah, Wisconsin, and Chassahowitzka, Florida (Spalding et al. 2008).  
Whooping cranes nest annually, but may skip a year when nesting habitat conditions are 
unsuitable, or if they are nutritionally stressed (Timoney 1998). Eggs are normally laid from 
April to May with an incubation period of about 30 days. Whooping cranes may re-nest if their 
first clutch is destroyed or lost before mid-incubation. Eggs laid late in the breeding season, or 
that are part of late clutches, have a decreased probability of fledging (WCEP 2010). Re-nests 
usually do not occur in WBNP but do occur in NNWR (Timoney 1998).  
Whooping crane success has been historically defined by the ability to survive, nest, and 
fledge young in a given area. Fledging is defined as when chicks can fly 100m without touching 
the ground (Urbanek 2010), and usually occurs when the chick is about three months old 
(Canadian Wildlife Service and U.S. Fish and Wildlife Service 2005). To reach self-
sustainability, the EMP needs to reach 258 nests, 516 adults that are paired and breeding, and 13 
fledged chicks per year (U.S. Fish and Wildlife Service 2010). In 2005, 16 pairs of cranes 
produced 34 nests, although no eggs were hatched. Two eggs were hatched in 2006 and one egg 
hatched in 2009 (Urbanek et al. 2010 ). Those chicks were fledged. This trend has been 
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maintained with 2-3 chicks being fledged each year until 2012. However, in 2012 no chicks 
survived to fledging age (Urbanek 2010).  
Several factors are known to influence nesting, breeding and fledging success. In order 
for the cranes to be successful they require adequate habitat and resources (Maguire 2008). 
Cranes choose their nest sites based on the presence of open water, availability of food, distance 
from roads and development(Timoney 1998). The most important component to a crane territory 
is a secure nest site associated with open water (Armbruster 1987). Habitat selection is 
considered the strongest at the nest site, where many attributes of habitat type and structure were 
evident, specifically plant community structure and depth of water (Timoney 1998).  
One of the problems with the EMP in Wisconsin is nest failures and abandonments 
(Urbanek et. al. 2010 & King et. al. 2013). There have been many hypotheses proposed as to 
why this is occurring with the EMP birds, but a solution has yet to be discovered (Adler et al. 
2011).  It is now thought that there could be an underlying ecosystem cause to the cranes nesting 
failures, (WCEP 2010 & Canadian Wildlife Service and U.S. Fish and Wildlife Service 2005). 
Additional knowledge of nest site selection of by cranes may help identify potential causes of 
nesting failures.  
This study investigated whether nest site selection in Whooping Cranes were influenced 
by wetland plant community structure, surface water composition and soil composition. I 
hypothesized that this factor could influence the desirability of wetland sites as nesting habitat 
for cranes, and that plant community structure, surface water composition and soil composition 
could in turn be influenced by site-specific nutrient availability and fire history. Such 
information could lead to improvements in crane management. However, if no single factor 
could be determined as affecting the crane’s nest site selection then the study would be used to 
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eliminate causes and factors that could be impacting the birds.  A secondary goal of this project 
was to develop a GIS and database to aid management activities in NNWR specifically in 
conducting a nutrient analysis in its wetlands.   
 
Study Area: 
Necedah National Wildlife Refuge (NNWR), a 43,600 acre refuge, located in west-
central Wisconsin, was chosen as the northern reintroduction and nesting site of the EMP. 
NNWR was chosen due to its overall similarity in habitat to the Wood Buffalo area as well as its 
remoteness and distance from the wild crane population (Cannon 1999 & Schmidt et al. 2010). 
NNWR is managed primarily for waterfowl through sedge and savanna restoration, and consists 
of very specific ecosystems, some of which are not found in many other places (Maguire 2008). 
NNWR ecosystems consist of marsh and wetland complexes, as well as glacial sand barren 
forests, and are somewhat mirrored in WBNP, the cranes’ natural nesting ground (Cannon 1999). 
From 2001 to 2011, 157 cranes have been released at NNWR. The initial reintroduction 
nest sites at NNWR were chosen by managers, and the cranes were placed there. The cranes 
return to the same sites every year due to the establishment of territories and nests. Following 
that initial introduction, crane pairs dispersed around the initial sites, and these crane-dispersed 
nest sites were used for present the study. 
The study area was based in Necedah National Wildlife Refuge in Necedah Wisconsin 
(Figure 1). The refuge is roughly 43,000 acres itself, but it also encompass The Necedah Wildlife 
Management Unit, which is another 5,800 acres (U.S. Fish and Wildlife Service 2010). The 
study area specifically, focuses around Rynerson Pool #1 and #2, Sprague Mather Flowage, 
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Goose Pool, The Duck’s Unlimited Area and Suk Cerney Flowage (Figure 2). From these areas, 
I selected seventeen crane nesting territories within which to sample, these sites are designated as 
nest sites. I also selected twenty-two other non-crane territory wetland complexes throughout the 
refuge for comparison. These areas are designated as non-nest sites. Nest sites were initially 
based off of the first sites used during reintroduction. These initial sites were set up by 
researchers, and from those sites crane pairs dispersed outward and formed territories all the 
while establishing their own nest sites. The initial researcher selected nest sites were not used in 
the study as they were not chosen by the birds themselves.  
The ecosystems of the NNWR have a long history of alteration. The NNWR was 
established in 1939 for migratory birds and other wildlife. This landscape was formed by 
retreating glaciers which left behind bogs and sand ridges which created the Great Central 
Wisconsin Swamp.  Following the European settlement this region was drained and ditched. 
When the refuge was founded, the Civilian Conservation Corps restored some of the wetlands 
via channelization and further ditching (Arthur et al. 1996). However, this restoration was not 
completely natural. Until recently, NNWR has been surrounded by a variety of agricultural areas, 
where the hydrology of the area consisted of channels and drainage systems (Arthur et al. 1996, 
Hunt et. al. 2000). The changes in the natural ebb and flow of water have had a strong negative 
impact on the ecosystems and land around the refuge (Arthur et al. 1996). This channelization 
has also impacted the plant and animal diversity (U.S. Fish and Wildlife Service 2004), changing 
it drastically in some areas. Many of the existing wetlands were drained or went from an 
emergent shallow classification to a relatively deep classification (Table 1: Whooping Crane 
Land Use Code). 
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In the past NNWR was channelized as well as managed for biological diversity and 
integrity (U.S. Fish and Wildlife Service 2004).  Currently, all management focuses on restoring 
and maintaining habitats for migratory birds such as waterfowl, songbirds, and raptors. One of 
the main goals for NNWR is managing more than 10000 acres of moist-soil wetlands to produce 
food for migratory waterfowl and controlling invasive species through early detection and 
treatment. NNWR also uses prescribed fire to aid in savanna, prairie and wetland restoration 
projects (U.S. Fish and Wildlife Service 2004).The refuge is split into regions based on the 
timing and frequency of prescribed fires. 
Little is known about the composition of the wetlands within Necedah National Wildlife 
Refuge. In this study the primary objective was to evaluate each crane nesting site and compare 
them to potential sites and in doing so determine if there is an ecosystem factor that is present or 
not present in one set of sites over the other. Similar comparisons were also made between areas 
that had been burned and areas that had not been burned in order to assess effects of fire-based 
management. These land management techniques are shown to affect whooping cranes as well as 
other bird species such as sandhill cranes and other Waterbirds. Bird species are affected 
specifically by the depth of water present as well as the presence of certain types of vegetation. 
This vegetation is used as building material for nest platforms and to hide eggs and nestlings 
(Ivey & Duggar 2008). 
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Figure 1: Necedah National Wildlife Refuge with various management practices. 
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Figure 2: Nest and Non-Nest Sites on NNWR 
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METHODS 
 
Initial GIS Creation and Site Selection 
Land use and various management techniques such as forestry and agriculture cause 
disturbance and change the quality of habitat available to whooping cranes (U.S. Fish and 
Wildlife Service 2010). I utilized historic tracking data, GIS layers, aerial photography and the 
whooping crane land cover coding system and a GPS receiver in order to delineate sites and 
accurately map out the refuge’s wetland area. The coding system provided a concise means of 
labeling habitat in a given area. It is broken down includes into both general and specific habitats 
based on land cover type. For example “AB CRB”, denotes an aquatic bed, more specifically, a 
cranberry bed. The habitat classification system was developed to follow the National Land 
Cover Classifications (International Crane Foundation Datasheets 2011) (Table: 1) 
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Table 1: Whooping Crane land cover use codes 
CAT LAND COVER TYPE CODE DESCRIPTION 
General Aquatic Bed AB 
Aquatic Bed class includes tidal and nontidal 
wetlands and deepwater habitats, which are 
dominated by plants that grow and form a 
continuous cover principally on or at the 
surface of the water. These include algal mats 
detached floating mats and rooted kelp beds 
vascular plant assemblages. 
General Open Water OW 
All areas of open water generally with less 
than 25% cover of vegetation or soil 
General Wetland Forested WF 
Includes all tidal and non-tidal wetlands 
dominated by woody vegetation greater than 
or equal to 5 meters in height regardless of 
salinity. Total vegetation coverage is greater 
than 20 percent. 
General Wetland Scrub/Shrub WSS 
Includes all tidal and non-tidal wetlands 
dominated by woody vegetation less than 5 
meters in height and all such wetlands that 
occur in tidal areas regardless of salinity. Total 
vegetation coverage is greater than 20 
percent. The species present could be true 
shrubs young trees and shrubs or trees that 
are small or stunted due to environmental 
conditions. 
        
Specific Burn Area BA 
Areas that show evidence of a prescribed burn 
within the last growing season. 
Specific Cranberry Bed CRB   
Specific Ditch D   
Specific 
Riverine/Riverine 
Wetland RRW   
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A geographic information system (GIS) was used to create maps of Necedah National 
Wildlife Refuge. Existing whooping crane nests were located on the maps using coordinates 
obtained from the International Crane Foundation Researchers.  Reintroduction nesting data from 
2006 through 2011 were examined to determine consistency of the bird’s presence at individual 
sites. This data was then extrapolated using a program called DNRGPS. DNRGPS allowed me to 
turn the coordinates of nests and the center points of non-nest sites into locations around the 
refuge. Those locations were then mirrored with GoogleEarth in order to determine if the (x,y) 
coordinates obtained were accurate and corresponded with actual locations throughout the 
refuge. These points formed the base layer for the GIS analysis. This layer was used to build 
additional layers where refuge boundaries, state roads, waterways and refuge roads were added. 
Once this layer was completed this information was used in conjunction with the USGS 
landcover database where each vegetation type and ecosystem was selected as they applied to the 
birds. The vegetation or landcovers that were chosen included vegetation found in wetlands, 
forested areas, etc. This formed a landcover layer which was used in conjunction with the rivers 
and waterways to form a wetland layer. The DNRGPS points were then placed within these 
wetland areas and GoogleEarth was used to verify their accuracy. These points were then 
assigned a random number and placed within a random number generator. The resulting points 
became the sites for the study.   
As the birds are introduced to the refuge they have a tendency of dispersing around past 
nest sites, or if they select new mates, they may select an entirely new nest site, or not nest at all 
(Timoney 1999).  Sites with current or historical nest activity were selected. These study sites 
were selected based upon the pair of birds that utilized the area, the frequency the area was used, 
and location relative to other potential nest sites.  No pair was sampled twice, and nest sites were 
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at least 500 feet from one another in order to correspond to crane territories. Frequent site 
utilization was defined as crane nesting pairs using a specific site for two years or more 
consecutively.  The boundaries of study sites depended on the overall territories of the cranes. 
Typically crane territories are around 780m
2
, but can be as small as 177m
2
 if the area is of high 
quality habitat (Hayes et al. 2010).  In order to delineate the boundaries of nest sites, aerial 
photographs were used in conjunction with Google Earth (Timoney 1999), these boundaries 
combined with data taken about crane territories allowed for study site selection. A 200m 
landscape analysis was performed by clipping the nest locations from the existing refuge land-
cover map (Urbanek 2010). This analysis allowed crane territories and GPS nest site points to be 
correlated together, or in other words it allowed me to determine the territory boundary and 
therefore allowing better delineation of site boundaries for the study. Utilizing aerial photographs 
and Google Earth allowed an accurate path to the site to be determined which allowed for easier 
sampling and data collection.  
Once the nest sites were identified, additional nest-free wetland areas were delineated 
upon known desirable nest-site characteristics, i.e., the presence of open water, vegetation, and 
distance from roads. Out of all possible total nest-free wetland sites, twenty-one were randomly 
selected for further study. This random selection was conducted by first observing the 
characteristics of known whooping crane nest sites documented by the crane researchers, such as 
type of vegetation, depth of standing water and distance from roads. After obtaining a number of 
sites, each area was assigned a number and entered into a random number generator. The 
resulting areas were then designated as non-nest sites for the study. 
Burned and unburned sites were chosen based on the NNWR burn prescribed burning 
plan. Whooping crane nesting sites were divided into fire regions (Figure 3) and then placed into 
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categories- burned and unburned. Time since last burn was determined by looking at the burn 
regions and the frequency, or more specifically the time which each area was burned last.  
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Figure 3: Necedah National Wildlife Refuge burn units with designations. 
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Vegetation Analysis 
The line intercept method was used to survey the plant community. Each site had two 
transects, one that ran east/west and one that ran north/south. Plants were counted and identified 
every five meters in a one meter by one meter square plot on alternating sides of the transect. 
Vegetation sampling occurred on both transects and each transect had three to five plots, 
depending on the overall size of the site, meaning that a total of six to ten plots were sampled per 
site. At the three sites where cranes were actively nesting during my sampling period, a 125-
meter buffer between the nest and all sampling activities was established as not to disturb the 
nesting pairs (Hayes et al. 2010). Plant identification and sampling was done from May through 
August 2012.  
The presence/absence of each plant species at each site was recorded. Stem density of 
each plant species was estimated by counting the stems in all plots along each transect. Percent 
cover of each plant species was visually estimated within each plot at every site along each 
transect.  Site-specific values for stem density and percent cover of each species were calculated 
by averaging all plots within each site.  
For each plant species encountered, wetland plant indicator status was determined from 
the National List of Species that occur in Wetlands: North Central (Region 3) (U.S. Fish and 
Wildlife Service 1988).  Each indicator status designation was assigned a numerical value from 
0-5 (U.S. Fish and Wildlife Service 1988) and then the average mean value of each site (based 
on the species present at each individual site) was calculated. The overall numerical mean value 
can be considered the land cover designation for that site and then applied to The Whooping 
Crane Land Cover Designation Coding System. Differences in wetland indicator status between 
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nest sites and non-nest sites and between burned and unburned sites were compared using Mann-
Whitney U tests. 
The overall plant diversity of each site was calculated by using the Shannon Weiner diversity 
index H’ 
 
Equation-     H’= -Σpi (log pi) 
 
Where p is the proportion of individuals (stem density) in the sample that belongs to 
species i    
Differences in H’ between nest sites and non-nest sites were compared using a two-tailed 
t-test assuming unequal variances (Manel et al. 2001). Differences in species richness (number of 
plant species at a site) between nest and non-nest sites and between burned and unburned sites 
were compared using two-tailed t-tests assuming unequal variances. 
Bray-Curtis dissimilarity coefficients were used to quantify the compositional 
dissimilarity in plant community structure among the sites (Ludwig and Reynolds, 
1988).Dissimilarity coefficients were calculated based on 1) presence/absence data and 2) on 
relative abundance (percent cover) data using the following equation and Systat 10.2. Bray 
Curtis dissimilarity was selected as the measure of plant community similarity because it 
considers pairs of sites to be similar if species jointly occur at both sites, different if species 
occur at one site but not the other, and does not consider the joint absence of species from both 
sites to convey any information.  
 
Equation-      BCij= (2Cij)/(Si+Sj) 
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The Bray-Curtis dissimilarity coefficients were used for non-metric multi-dimensional 
scaling (NMDS). This procedure displays the multi-dimensional (one dimension per plant 
species) patterns in plant community structure in two dimensions so the results could easily be 
visualized. 
Hoteling’s T2 analyses were conducted on the results of presence/absence and relative 
abundance multi-dimensional scaling in Systat in order to determine if there were any 
statistically significant differences in plant species composition between nest and non-nest sites 
and between burned or unburned sites.      
 
Soil Analysis  
Soil samples were collected from each site. The center of each site was determined via 
GPS coordinates and Google Earth, and then during each visit three soil cores were taken around 
the center whenever consistent soil was present. In some sites, coring was closer to the center of 
the site than others, due to the presence of open water. Cores were collected using a stainless 
steel AMS soil probe with a 7/8” outside diameter. Between each core sample, the corer was 
cleaned with deionized water in order to prevent cross-contamination. Core samples were then 
examined for the presence of any hydric soil indicators, such as a histic epipedon, gleying, low 
chroma, dark surface, oxidized rhizospheres, or the presence of hydrogen sulfide (Mitsch & 
Gosselink 2007) (Hans 2011).    
Field pH measurements on each core were conducted using LusterLeaf 1612 Rapitest pH 
soil tester. Hue, value, and chroma were also measured in the field using Munsell 10YR color 
charts for glauconite soils. Soil texture for each core was quantified following the USDA soil 
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texturing field flow chart (Midwest geosciences 2001-2009). Wet weight of each soil core was 
measured in the field, using a gram unit scale and Pesolas spring scales. Each core that was taken 
was air dried for two months, and following that time each of the cores were combined by site 
and a portion was ashed at 500°C.  Following ashing, each sample was rewet with distilled water 
then re-dried and weighed again in order to determine dry weight. The wet weight and dry 
weight were then differenced in order to determine soil organic matter and organic carbon. 
 
Equations- %OM= [(dry weight- ash)/ dry weight]*100%= (AFDM/dry weight)*100% 
  %C= %OM/2 
 
Differences in soil organic matter and soil carbon between nest and non-nest sites and 
between burned and unburned sites were assessed using two-tailed t-tests assuming unequal 
variances. 
Soil samples from nest sites and non-nest sites were composited based upon their position within 
the Refuge’s fire management districts. Composited samples were then used in order to conduct 
additional analyses. Composited cores were sent to Michigan State University’s Soil and Plant 
Nutrient Laboratory in East Lansing  for analysis of pH, lime index, potassium, Ca, Mg, nitrate-
N, ammonium-N and total nitrogen. Nineteen composited samples were sent. That sample 
number was entirely dependent on the amount of funds available. Following those analyses, a 
two-tailed t-test assuming unequal variances was run on the data in order to compare nest sites to 
non-nest sites. Additional two-tailed t-tests were completed on the soil samples specifically 
looking at the presence of fire within the sites as well as time since last burn.  
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Surface Water Analysis 
When present, surface water its pH and conductivity were measured in the field with a 
YSI probe (model). The YSI pH probe was calibrated weekly during the field season in order to 
maintain the accuracy of readings.  
Surface water samples from each site were collected as close as possible to the center of 
the site, but at least four feet from the banks. These measurements were conducted throughout 
the nesting season, especially during the drawdown period. Water samples were taken first 
before any other activity at the site, so not to stir up the sediment. A minimum of 500mL was 
collected at each site. A portion of each sample was filtered with a 25mm, 0.7µm glass fiber 
syringe filter, for laboratory analysis of ammonium, nitrate, nitrite, and soluble reactive 
phosphorus, while the other portion was left unfiltered for analysis of total phosphorus. All 
samples were collected in acid-washed bottles and frozen immediately after field collection.  
Samples obtained during the 2012 field season were analyzed using a Seal AQ2 Discrete 
Analyzer, using ESA-approved methods (Seal Analytical. 2005).  Total phosphorus samples 
underwent a potassium persulfate digestion prior to analysis. Some sites were dry in 2012; these 
sites were re-visited in 2013 for surface water sample collection. Samples obtained during the 
2013 field season were analyzed following Lind (Lind 1985) and absorbance values were 
completed by using a Shimazu spectrophotometer. 
Following either analysis with the AQ2 Discrete analyzer or the Lind Method, two-tailed 
t-tests assuming unequal variances were run on the data comparing what was found in nest sites 
to non-nest sites (Zar 1999). An additional statistical analysis was completed comparing areas 
that had been burned to areas that had not been burned.   
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GIS improvement and database creation 
The GIS maps were initially developed for the entire refuge and were later enhanced by 
adding site site-specific vegetation and soil composition data.  These GIS maps were used to 
visualize the relationship of vegetation and soil composition to time since last burn and the 
Refuge drawdown schedule. 
All data collected in this study were entered into a custom-made Microsoft Access 
database.  All forms were created to interact and feed into each other.  
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RESULTS 
Nest sites showed an apparently higher Shannon-Wiener plant diversity than non-nest 
sites (Figure 4, but this difference was not statistically significant (p-value: 0.1914)). Plant 
diversity at burned and unburned sites was also not statistically different (Figure 5, p-value: 
0.1408). 
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Figure 4: Shannon-Wiener plant diversity indices at nest (n =17) and non-nest (n = 22) sites. 
Values are means ±1SE. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0.1
0.2
0.3
0.4
0.5
Sites 
Shannon Weiner Diversity Indices 
Across Sites 
Nest Sites
Non-Nest Sites
22 
 
 
Figure 5: Shannon-Wiener plant diversity indices at burned (n =22) and un-burned areas (n = 
17). Values are means ±1SE. 
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Neither nest sites vs. non-nest sites (Figure 6, p=0.130) nor burn sites vs. unburned sites 
(Figure 7, p=0.526) differed significantly in plant species richness. 
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Figure 6: Species richness at nest (n = 17) and non-nest (n = 22) sites. Values are means ± 1SE. 
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Figure 7: Species richness at burned (n = 22) and un-burned areas (n = 17). Values are means 
1±SE. 
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Similarly, there was not a significant difference (Figure 8, p-value: 0.1674) in plant 
wetland indicator status between nest sites and non-nest sites. However, wetland indicator status 
was significantly higher in burned areas than unburned areas (Figure 9, p-value: 0.044). 
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Figure 8: Plant wetland indicator values at nest (n = 17) and non-nest (n = 22) sites. Values are 
means 1± SE. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
Sites 
Wetland Indicator Status Across Sites 
Nest Sites
Non_nest Sites
28 
 
 
Figure 9: Plant Wetland indicator values at burned (n =22) and non-burned areas (n = 17). 
Values are means 1 ± SE. 
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The plant presence/absence NMDS comparing nest sites to non-nest sites and burned to 
non-burned sites (Figure 10) illustrated the similarity of plant communities. Nest sites and non-
nest sites did not have significantly different locations within the NMDS (Hotelling’s T, p-value: 
0.953), nor did burned and unburned sites (Hotelling’s T, p =0.065). 
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Figure 10: Presence/absence analysis through non-metric multi-dimensional scaling on plant 
community data comparing burned areas, un-burned areas, nest sites, and non-nest sites. Stress 
of final configuration = 0.153. 
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NMDS based on plant relative abundance data at nest/non-nest sites (Figure 11, p = 
0.065) or burned/unburned sites (Figure 12, Hotelling’s T p = 0.146), showed a similar lack of 
vegetation differences. 
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Figure 11: Relative abundance analysis through non-metric multi-dimensional scaling in plant 
community data comparing nest sites to non-nest sites. Stress of final configuration = 0.306. 
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Figure 12: Non-metric multi-dimensional scaling of plant relative abundance data in burned 
areas and un-burned areas. Stress of final configuration = 0.306. 
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Figure 13: Presence/absence analysis looking at the time since last burn through non-metric 
multi-dimensional scaling with plant community data. MANOVA analysis Wilks' lambda p-
value: 0.0977. 
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A NMDS of plant relative abundance data with respect to time since last burn was 
completed in order to determine how the plant community responded to the number of years 
between burns (Figure 14). Areas that were burned at the different frequencies exhibited 
significantly different positions in NMDS space (p = 0.048), indicating significant differences in 
plant composition (Figure 13).  
Subsequent Bonferoroni-based multiple comparisons were unable to distinguish between 
the individual time since last burn categories. 
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Figure 14: Non-metric multi-dimensional scaling of plant relative abundance data with respect to 
time since last burn. MANOVA analysis Wilks' lambda p-value: 0.048. 
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Measured soil parameters did not differ significantly between nest and non-nest sites 
(Table 2) nor between burned and unburned sites following a two-tailed t-test assuming unequal 
variances (Table 3). 
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Table 2: Soil parameters tested at nest (n = 17) and non-nest (n =22) sites. (mean ± 1 SD)  
Parameter Nest Sites Non-Nest Sites p-value 
Percent Organic Matter 2.16 ± 1.25 2.47 ± 1.24 0.247 
  
Percent Carbon 1.08 ± 0.62 1.23 ± 0.62 0.247 
  
Percent Ash Free Dry 
Matter 2.14 ± 1.27 2.47 ± 1.24 0.247 
  
Ammonium-N (ppm N) 4.5 ± 2.50 7.3 ± 4.54 0.075 
  
Nitrate-N (ppm N) 2.6 ± 2.39 7.3 ± 6.81 0.208 
  
Total Nitrogen-N (%) 0.07 ± 0.03 0.08 ± 0.02 0.102 
  
Lab pH 5.2 ± 0.43 5.0 ± 0.42 0.384 
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Table 3: Soil parameters tested at Burned Areas (n = 17) and Un-Burned Areas. (n = 22) (mean ± 
1 SD) 
Parameter Burned Areas Un-Burned Areas p-value 
Percent Organic Matter 2.08 ± 1.25 2.49 ± 1.19 0.229 
  
Percent Carbon 1.04 ± 0.63 1.24 ± 0.59 0.068 
  
Percent Ash Free Dry 
Matter 2.06 ± 1.26 2.49 ± 1.19 0.123 
  
Ammonium-N (ppm N) 4.8 ± 2.29 7.2 ± 4.96 0.413 
  
Nitrate-N (ppm N) 4.0 ± 4.41 6.5 ± 6.9 0.486 
  
Total Nitrogen-N (%) 0.07 ± 0.03 0.08 ± 0.03 0.082 
  
Lab pH 5.1 ± 0.48 5.0 ± 0.38 0.412 
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Soil samples were consistent from site to site indicating Necedah wetlands to be hue 
10YR, value of 4, chroma of 6 indicating that the general soil type of the area is of glacial till in 
origin, which is typical to that particular part of WI., and typically shows wetland characteristics 
(Hans, J. 2011).  
Most of the surface water characteristics did not differ significantly between nest and 
non-nest sites. However, pH was statistically significant (p-value of 0.001) in 2012 in nest sites, 
where pH was more towards the basic end of the spectrum and soluble reactive phosphorus (p-
value: 0.044) was statistically significant in 2013 and higher in nest sites in both cases.  
The same analyses were completed on burned vs. non-burned areas did not yield any 
statistically significant values in either year. 
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Table 4: Surface water parameters tested at Nest Sites (n = 17) and Non-Nest Sites (n =22) 
(mean ± 1 SD) 
Nest Sites and Non-Nest Sites Comparison 
Parameter Nest Sites 
Non-Nest 
Sites 
(2012) 
p-value Nest Sites 
Non-Nest 
Sites 
(2013) 
p-value 
Nitrate-N (mg/L) 
0.02 ± 0.01 
SD 0.05 ± 0.03 SD 0.14 
0.134 ± 
0.31 SD 0.14 ± .78 SD 0.14 
  
Ammonium-N 
(mg/L) 
0.22 ± 0.65 
SD 0.43 ± 0.78 SD 0.63 
0.23 ± 0.72 
SD 0.43 ± 0.86 SD 0.11 
  
Total Phosphorus 
(ug/L) 
128.43 ± 
78.50 SD 
170.05 ± 
187.96 SD 0.26 
121.01 ± 
79.46 SD 
171.05 ± 
205.55  SD 0.12 
  
Soluble Reactive 
Phosphorus 
(ug/L) 
27.54 ± 
17.22 SD 
32.80 ± 12.75 
SD 0.13 
190.00 ± 
0.55 SD 
25.78 ± 32.88 
SD 0.05 
  
pH 
6.9 ± 0.37 
SD 6.04 ± 0.59 SD 0.001 
5.84 ± 0.99 
SD 5.79 ± 0.84 SD 0.94 
  
Conductivity 
568.59 ± 
278.06 SD 
585.08 ± 
263.21 SD 0.42 
734.27 ± 
2.46 SD 
734.44 ± 2.26 
SD 0.92 
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Table 5: Surface water parameters tested at burned areas (n = 17) and un-burned areas (n = 22) 
(mean ± 1 SD) 
Burned Sites and Unburned Sites Comparisons 
Parameter 
Burned 
Areas 
Unburned 
Areas 
(2012) 
p-value 
Burned 
Areas 
Unburned 
Areas 
(2013) 
p-value 
Nitrate-N (mg/L) 
-0.01 ± 
0.05 SD 0.08 ± 0.11 SD 0.07 
0.02 ± 0.01 
SD 0.05 ± 0.03 SD 0.08 
  
Ammonium-N 
(mg/L) 
0.46 ± 1.42 
SD 0.62 ± 1.55 SD 0.83 
0.23 ± 0.04 
SD 0.30 ± 0.10 SD 0.14 
  
Total Phosphorus 
(ug/L) 
57.54 ± 
62.02 SD 
161.24 ± 
203.46 SD 0.15 
230.00 ± 
100.00 SD 
350.00 ± 
360.00 SD 0.42 
  
Soluble Reactive 
Phosphorus 
(ug/L) 
5.01 ± 
22.80 SD 
10.75 ± 26.88 
SD 0.65 
110.00 ± 
70.00 SD 
170.00 ± 
220.00 SD 0.47 
  
pH 
6.72 ± 0.53 
SD 6.25 ± 0.73 SD 0.09 
6.00 ± 0.70 
SD 
 5.71 ± 0.98 
SD 0.57 
  
Conductivity 
614.6 ± 
259.68 SD 
530.71 ± 
302.93 SD 0.48 
733.4 ± 
2.13 SD 
734.90 ± 2.19 
SD 
0.29 
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DISCUSSION 
Nutrients analyzed via plant communities, surface water and soils within NNWR 
wetlands did not conclusively affect whooping crane nest site suitability. This hypothesis was 
tested over the course of two years with the goal of assisting the refuge in data collection and 
interpretation concerning wetlands and whooping crane nest sites selection.   
 
Plant Community Analysis 
Whooping crane nest site selection was not strongly related to plant community structure, 
diversity, species richness, or wetland plant indicator status. However, plant community structure 
in terms of relative abundance was related to time since last burn. These results did not 
correspond with the findings of Timoney (1998), where crane habitat selection was shown to be 
strongest at the nest site scale. In Timoney (1998), the preferred habitat was visually open, with a 
large amount of open water in which there were a few abundant plant species in an open spatial 
arrangement. However, Timoney (1998) did observe that the wetlands within the crane nesting 
areas have vegetation types that were not uncommon within the wider region of the crane 
territory. My results were similar to those of Littlefield & Ryder (1968), where vegetation height 
and placement had little to no effect to nest site selection among sandhill cranes, which are often 
considered very similar to whooping cranes.  Within NNWR plant community structure was 
thought to be indirectly correlated with whooping crane nest site selection; however, the results 
did not support this throughout the study. Similarly, Ivey & Duggar (2008) found no significant 
relationship between vegetation type and nest site selection of sandhill cranes, which are 
considered similar to whooping cranes. Ecologically, this important as sandhill cranes have been 
used in the past to aid in the reintroduction process of whooping cranes through cross-fostering 
44 
 
and nest rearing. Many whooping crane studies are based in part off of sandhill crane studies, as 
sandhills are abundant where whooping cranes are not.  
  Timoney (1998) indicated that it is difficult to estimate the proportion of used habitat 
within the total breeding area since nesting pairs and their young range increasing distances away 
from the nest site as the summer progresses, thus increasing the overall territory of the birds and 
changing the area to be studied. My study examined the core areas, where the birds set up their 
initial nests and laid eggs, and did not take into account more distant areas to which the cranes 
may have visited or dispersed to. These core areas just included the nesting platform at the very 
center of the site. It is possible that vegetation differences between nest and non-nest sites existed 
in these more distant, non-surveyed areas or in portions of the site, the crane’s territories, which 
were not tested.  
Another explanation for the lack of vegetation differences between nest and non-nest 
sites could be that the birds used vegetative cues to choose their own nest sites optimally, but that 
there are so few nesting pairs within NNWR that many potentially suitable nest sites are not 
occupied. A related possibility is that whooping cranes may not need to focus on the specific 
plant community present when selecting nest sites, but instead could nest in a wide range of 
suitable wetland areas, adapting to the factors that may be present within that area. NNWR may 
also have unsuitable sites in general. Sandhill cranes are known to be extremely adaptable to 
environmental conditions (Austin et. al. 2007), and since whooping cranes are considered a 
similar species and both bird species tend to occupy the same regions, it could be possible that 
whooping cranes are also adaptable to a wide variety of sites within the NNWR but that there 
may be no suitable nest sites on the refuge.  
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There are additional hypotheses to consider following the results of this study. Timoney 
(1998) found that the present nesting habitat for whooping cranes at NNWR is probably atypical 
compared to the core historical range. Perhaps all potential nesting sites within NNWR do not 
provide the necessary vegetative or environmental cues required by cranes for selection of 
optimal nest sites. 
Although no plant community patterns were statistically significant, there were visible 
trends. For example, the presence of non-native species seemed greater in the whooping crane 
selected nest sites, and native species seemed more abundant in the non-nest sites. This trend was 
only observed visually. In order to determine if native species presence is significant further 
study will have to be conducted. Nest sites also showed a slightly (but not significantly) higher 
value of plant diversity, than non-nest sites.  
Timoney (1998) indicated that plant species diversity of crane-occupied areas was low, 
particularly that of nesting sites, with a diversity value H’ of 1.581 for nest areas. My results 
which found no significant difference in plant diversity between nest and non-nest sites, and 
even lower overall plant diversity within each area category (H’= 0.37 and 0.30, respectively). 
Thus, it seems that low plant diversity is common among whooping crane nest sites, and 
generally in regions occupied by whooping cranes. Whooping cranes do not prefer one type of 
plant species to another; they are omnivores and will eat whatever is available and palatable.   
NNWR uses burn treatments to remove excess vegetation and brush for plant and animal 
management as well as for continued fire safety, but does not schedule burns in areas where the 
whooping cranes have established nests. Burn treatments in fall can remove most residual 
vegetation in all habitats and reduced the availability of nest-building materials and potential 
nesting cover (Austin et al. 2007). Absence of residual vegetation prevents cranes from building 
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nest platforms in flooded areas and reduces the amount of nest sites that can be used. However, 
Austin et al. (2007) indicated that there was more support for the fact that water depth impacted 
sandhill crane nest survival more than human-induced changes in vegetation, but still considered 
that vegetation was also a key factor in crane nest survival. This was also supported by Littlefield 
et. al. (1990), who investigated land management effects on sandhill cranes, and found that 
different management practices like those mentioned in Figure 1 affected the cranes nesting and 
survivability.   
Initial examination of the effects of controlled burns on plant communities focused on 
contrasting areas that had been burned at least once to areas that had never been burned. 
Although plant diversity and species richness differences between burned and unburned areas 
were not statistically significant, the plant wetland indicator value (a function of the plant species 
composition) differed between burned and unburned sites, it was higher in burned areas rather 
than unburned areas, which indicated that burned areas tended towards drier conditions. 
Additionally, there were some trends between sites and with further study; those trends could 
potentially prove significant. Along with further study more data will be made available which 
may help prove the trends to be significant. Those trends included the presence of species, 
specifically native species, in areas that were burned compared to areas that were not burned, and 
the presence of non-native species in areas that were not burned (NNWR plant list appendix 1: 
table: 6).Table 6 indicates the various plant species found throughout NNWR in all of the sites.  
The effects of time since last burn were analyzed with both the presence/absence and the 
relative abundance plant community datasets. Plant community structure based on plant 
presence/absence was not statistically significantly different in relation to the time since last burn 
treatment, while the plant community structure based on relative abundance data did differ 
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significantly in relation to time since last burn, but we could not identify which time since last 
burn sites differed following additional multiple comparison analysis. This illustrates that the 
overall extent of burns a given area undergoes affected the particular plant species present within 
that area. 
This contrasts with the initial burn analysis, which only considered the contrast between 
areas that had been burned at least once and areas that had never been burned, but did not take 
into account the number of burns an area received nor how often an area was burned.       
Finding an effect of fire on plant community structure is not surprising, as burning is 
frequently used in order to regulate vegetation. Ralston & Cook (2013) reports a similar 
phenomenon, as the time since last burn of an area directly affected the number of plant species 
present, meaning that the difference in burning indicated the presence of different plant species.   
Another hypothesis that could explain the observed differences in plant communities with 
different burn histories is that plant communities could have been affected by other management 
activities on the refuge such as pool draw-downs that are connected to time since last burn. 
Ralston and Cook (2013) also examined the management practices at NNWR and found that, in 
the short term, fire had relatively little effect, on plant communities, but when combined with 
other management techniques such as timber removal could have an extremely large long-term 
effect.   
 
Surface Water Analysis 
Surface water quality was measured in both nest sites and non-nest sites, focusing on 
nitrogen and phosphorus found in wetlands. Phosphorus and nitrogen concentrations are often 
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elevated by nutrient pollution and are commonly used as indicators of wetland health (Elser et al. 
2007). These nutrients are usually the most limiting of all nutrients in aquatic habitats. Total 
phosphorus concentrations of non-polluted waters is usually less than 0.1 mg per liter and 
inorganic phosphorus is even less (Wetzel and Likens, 2000). TP values obtained from the sites 
were consistently more than the threshold value of 0.1 mg/L (Wetzel and Likens, 2000) and there 
was no significant difference between nest and non-nest sites, only two values (site NS10 and 
NN19) were less than the threshold value. Thus, there did appear to be strong nutrient pollution 
within the study sites, but no difference in nutrient availability between nest and non-nest sites. 
The waters of the refuge appear to be polluted, but it is still unclear as to what and how that 
pollution is impacting the waters of the refuge. This in part does support the original hypothesis 
that the historic land use and various management techniques such as forestry and agriculture 
caused disturbance and reduced the quality of habitat available to whooping cranes (Maguire 
2008). However, when conducting field and laboratory analysis, surface water pH was 
statistically significant, which was surprising and not recorded previously in the NNWR region.  
Surface water analysis were conducted during both years of the study, however, analyses 
from 2012 were completed using a SEAL AQ2 discrete analyzer (Seal Analytical 2005). The 
results obtained from the SEAL AQ2 analyzer were slightly different than those from the 
following field season.  The difference seen from year to year may not have resulted from the 
methods, but could have resulted due to the overall sensitivity of the equipment compared to the 
samples that were analyzed by hand. Sites that presented with drought conditions in 2012 were 
subsequently sampled in 2013 and analyzed by hand following the methods of Lind (1985). 
Samples were not compared across years in order to avoid bias and because not all variables 
could be held exactly the same from year to year due to physical and environmental conditions.  
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According to Laubhan et al. (1992, 1995), droughts limit options to manage water levels in some 
years, and any long-term strategy should incorporate natural annual variation in water levels. 
This was particularly evident in the 2012 data as 2012 was an extensive drought year. This is 
relevant to my study, as the year that most samples were obtained was a year of significant 
drought and the management techniques that the refuge usually undergoes were reduced or 
cancelled. Those management options were rescheduled for the following year when possible, 
and included pool draw-downs. This could have directly impacted my results as the water level 
could impact nest site selection, but would not have impacted the categories of nest site, non-nest 
site, burned area and unburned areas, in which my study sites were placed, as my sites were 
selected based on nest sites from the beginning of reintroduction through 2011. There was no 
good way to assess the water level throughout the course of this study specifically as to how it 
would impact each site. This was mainly due to the environmental variation observed from year 
to year. Austin et al. (2007) illustrates this with their results, which showed that the interaction of 
water depth and year has to be taken into consideration, as year reflected annual variation in a 
number of factors affecting nest site conditions, including other components of water condition 
such as flooding and timing of flooding relative to nest initiation.  
 
Soil Analysis 
The soil analysis revealed that areas were not different in overall soil composition across 
the refuge. All study sites on the refuge had similar soil content and characteristics such as 
percent carbon and percent organic matter and all values were within normal ranges, suggesting 
that there was nothing within the soil that the whooping crane utilizes to select nesting areas. 
One possible trend that bears further investigation is that percent carbon and percent organic 
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matter were different at non-nest sites than nest sites. Areas that had been burned also had 
similar soil and surface water composition compared to areas that had not been burned. 
Additional analysis should be conducted on samples from multiple years specifically testing pH. 
This should be done because pH was significant in one year of the study but not in both years. In 
most soils, the pH cannot be changed easily, due to very effective soil pH buffering (Barbour et 
al. 1980). The rates of weathering and overall availability of nitrogen, phosphorus, and sulfur are 
influenced by soil pH (Olk 2006). How the soils were combined could have directly influenced 
the results that were obtained. Soils were composited based upon the fire region in which they 
were collected, but nest and non-nest sites were not combined together. For instance, if the soils 
were not combined by NNWR fire region the results could have been altered.  
 
Database 
All data collected from the consecutive field seasons was compiled into a Microsoft 
Access database. The database included interactive forms, which fed into one another and could 
calculate an output with the data in many different ways, depending on which data was analyzed. 
The database forms a basis for future analysis utilizing the three nutrient categories tested: plant 
communities, soil, and surface water. The database can therefore be thought of as a practical 
management tool and can aid in present and future refuge management practices including fire 
management, pool drawdowns, and timber management throughout NNWR as well as in other 
areas.  
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Conclusions: 
Cranes are reported to select sites with some vertical structure in plants but not extensive 
concealment, and prefer shallowly flooded sites (Austin et al. 2007), this was supported 
throughout the sites at NNWR. However, at NNWR the plant community structure was not 
statistically related to nest site selection. This was shown through the fact that there was not 
statistical significance with the Shannon-Weiner diversity indices, wetland indicator status, 
relative abundance, and presence/absence where nest sites and non-nest sites were concerned.  
Surface water pH at nest sites was significantly higher than non-nest sites, which indicates that 
further analysis should be conducted in looking at the surface water quality of the refuge 
specifically within whooping crane nest sites, and that analysis should be conducted across 
multiple years. This may help to explain the large difference in values from the two years of the 
study. Overall, whooping crane nest site selection does not seem to be dependent upon the plant 
community present, the surface water quality (other than pH), or the soil composition. Perhaps, 
an unmeasured factor affected crane nest site selection, or maybe suitable nest sites were so 
abundant or scarce at NNWR that our non-nest sites included many suitable areas which could 
help to describe the lack of fledging and nest success. Ecologically this could mean that there is 
an underlying factor present at certain sites that effect living and non-living organisms. 
Burning is a commonly used management technique, reported to strongly alter plant 
communities. However, at NNWR, the burned areas were generally similar to the unburned areas 
around the refuge, although time since last burn did appear to influence plant community 
structure and wetland plant indicator status. Future study is highly recommended on the refuge in 
the wetland areas as well as with the birds.   
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Future Analysis: 
Future analyses need to be completed throughout the NNWR region specifically 
examining burn comparisons across multiple years in the nest sites and non-nest sites rather than 
just relaying on records of burning within the refuge’s designated burn regions. By doing this, a 
more complete study of the resulting vegetation could be undertaken and it may prove significant 
in regards to nest site selection for the whooping crane. It may also lead to a more complete 
classification of the various plants on site. The results of this study indicated that nest sites were 
similar to non-nest sites, but fire history did affect plant community structure. Continued study of 
the time since last burn of the NNWR region help further refine these results, and also aid in 
planning management practices in and around the refuge. For example, Urbanek et al. (2010) 
indicated as early as 2002 that the whooping cranes utilize burned areas soon after being 
reintroduced. Burning is utilized as a management tool throughout the refuge and has been for 
over thirty years. Burning could also be analyzed in a different manner on the refuge. For 
example, burning may be conducted in a more complete manner, one where all plants at a site 
are observed to be burned entirely. In conducting a burn in this manner there is no question as to 
whether a particular site within a burn region did in fact experience fire, or whether sites within a 
burn region experienced fires of different intensity. Other management techniques can also be 
tested as a result of this study, as they may prove useful as well.  For example, delaying or 
reducing the rate of water withdrawal during the nesting period could reduce nest predation 
(Austin et al. 2007). These and other management techniques could also prove significant for the 
refuge and thus the cranes. 
The database that was created could play a large role in the future analysis and 
management of the refuge, as data can continually be added to it and it can be altered in order for 
existing data to be analyzed in new and different manners. It can also act as a concise storage 
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place for refuge information and can easily be split into relevant sections depending on which 
department in the refuge needs to utilize it. The same can be said for the GIS layers and maps 
that were created for this study. GIS is a continually changing interface that can be modified by 
each user. By creating base maps as well as maps for the study information (hydrology, sites, and 
soils), I have created base maps for future research.  
The hope of this study is that the research could also lead to a more holistic management 
of the refuge where not only a large charismatic species such as the cranes are managed and 
attended for, but also the refuge as a whole. 
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APPENDIX  A: Necedah Plant List for Refuge 
Table 6: Necedah Plant List 
Plant Name 
Wetland Indicator 
Status 
Gymnocarpium dryopteris FAC 
Athyrium filix-femina FAC 
Equisetum spp. FAC- 
Calamagrostis canadensis OBL 
Spiraea tomentosa FACW 
Sphagnum spp. OBL 
Carex hystericina OBL 
Hedwigia ciliata OBL 
Justicia americana OBL 
Phalaris arundinacea FACW+ 
Rubus hispidus FACW 
Lamium maculatum OBL 
Vaccininum spp. FACW 
Eupatorium perfoliatum FACW+ 
Scirpus atrovirens OBL 
Poa palustris FACW+ 
Carex lasiocarpa OBL 
Dulichium arundinaceum OBL 
Carex lenticularis OBL 
Carex buxbaumii OBL 
Myriophyllum spicatum OBL 
Sagittaria latifolia OBL 
Utricularia intermedia OBL 
Iris virginica OBL 
Polygonum pensylvanicum FACW+ 
Lemna minor OBL 
Picea mariana FACW 
Glyceria striata OBL 
Quercus bicolor FACW+ 
Onoclea sensibilis FACW 
Salvia azurea grandiflora FACW 
Eleocharis erythropoda OBL 
Sparganium erectum OBL 
Comptonia peregrina FAC 
Filiperidula ulmaria FACW+ 
Typha latifolia OBL 
Zizia aurea FAC+ 
Solidago spp. FACW- 
Schoenoplectus maritimus OBL 
Acorus americanus  OBL 
Juncus effusus OBL 
Carex aquatilis OBL 
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APPENDIX B: DATABASE EXAMPLES 
 
 
Figure 15: Bahleda Database Main Menu Screenshot 
 
 
 
 
 
 
60 
 
 
Figure 16: Bahleda Database Site ID Datasheet Screenshot 
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Figure 17: Bahleda Database Hydrology Datasheet Screenshot 
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Figure 18: Bahleda Database Soil Core Datasheet Screenshot 
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Figure 19: Bahleda Database Vegetation Species Datasheet Screenshot 
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Figure 20: Bahleda Database Hydrology Data Screenshot 
 
